The currently used indirect fluorescent antibody test (IFAT) for the detection of antibodies against porcine proliferative enteropathy (PPE) was compared to an immunoperoxidase monolayer assay (IPMA). Serum samples used in this comparison were collected from 5-week-old pigs on day 0 (pre-experimental challenge) and on days 7, 14, 21, and 28 after oral inoculation with intestinal homogenate from pigs affected by PPE (28 challenged pigs) and sucrose phosphate glutamate solution (2 control pigs). All animals were euthanized 4 weeks after inoculation. Immunohistochemistry staining was applied to formalin-fixed, paraffin-embedded sections of ileum for the detection of Lawsonia intracellularis antigen. The serology results with each method agreed in all samples, except on days 0 and 7 in 1 control animal, which was positive by IPMA, but negative by IFAT. The percentage of agreement between IFAT and IPMA was 98.6%.
Porcine proliferative enteropathy (PPE) is a widespread enteric disease affecting the aboral small intestine and, sporadically, the large intestine of pigs. The 2 available antemortem methods for diagnosis of PPE are polymerase chain reaction of fecal samples and serology. Serology presents a less expensive option for testing and is more amenable to high-volume testing. Enzyme-linked immunosorbent assay 1 and indirect fluorescent antibody tests (IFATs) 3 with Lawsonia intracellularis antigens prepared from intestines of infected pigs have shown variable and low antibody titers. In contrast, other investigators, who used cell culture-grown L. intracellularis in an IFAT, reported 90% seroconversion in pigs challenged with pure culture, 21-28 days after inoculation. 2 The immunoperoxidase monolayer assay (IPMA) is a serologic enzyme immunoassay test commonly used for the diagnosis of viral infection, for instance, porcine respiratory and reproductive syndrome (PRRS). 5, 7 The obligate intracellular organism L. intracellularis infects cell line monolayers in vitro. Consequently, cell monolayers can be used in the same way as virus-infected cell line monolayers to perform serology with the IPMA. The goal of this study was to compare the accuracy of IFAT and IPMA serology methods for the diagnosis of PPE in experimentally infected pigs.
Thirty 5-week-old pigs weighing between 20 and 30 pounds (between 9.1 and 13.6 kg) were obtained from a herd with no history of PPE. The source herd was also clinically negative for Salmonella cholerasuis, transmissible gastroenteritis, and pathogenic Brachyspira species, and serologically negative for PRRS and Actinobacillus pleuropneumoniae. Twenty-eight pigs were inoculated via stomach tube with a homogenate of scraped intestinal mucosa from PPEaffected pigs in sucrose-phosphate-glutamate (SPG) on days 0 and 1. 8 All pigs received 2 doses of 25 ml with a total dose given per pig of 7.55 ϫ 10 9 L. intracellularis organisms. The 2 remaining pigs (controls) were allotted to a different pen separated by wood walls from the pens with challenged pigs. These 2 animals were inoculated on days 0 and 1 with 25 ml of SPG only, in the same manner used for challenged animals.
Blood samples were collected from all animals on days 0, 7, 14, 22, and 28 after inoculation. Serum samples were tested by IFAT, as described elsewhere, 2 and by IPMA. Acetone-fixed 96-well culture plates with McCoy cells highly infected with L. intracellularis were used for both serology methods. Wells were seeded with 5 ϫ 10 3 McCoy cells and grown for 24 hours before infection. Pure cultures of L. intracellularis were added to Dulbecco's modified Eagle's medium a with 5% fetal bovine serum (FBS), and 100 l of this preparation containing about 10 5 L. intracellularis organisms was added to each well. The plates were incubated for 5 days in a gas concentration of 8.0% O 2 , 8.8% CO 2 , and 83.2% N 2 . Cold 50% acetone and 50% methanol solution was used to fix the cells. The plates were stored at Ϫ20 C until use.
For the IPMA, the plate was rehydrated with distilled water at 37 C for 10 minutes. The water was then discarded and 50 l of diluted serum sample was added to the test well. The plate was incubated for 30 minutes at 37 C and was then washed 5 times with phosphate-buffered saline (PBS), pH 7.2. Anti-porcine immunoglobulin G (IgG)-peroxidase conjugate, b diluted 1:600 in buffer (PBS with 2.5% FBS, 1% inactivated porcine serum, and 0.08% Tween 80), was added at a concentration of 30 l/well, and incubation proceeded for 45 minutes at 37 C. The plate was washed again and chromogen a (3-amino-9-ethyl-carbazole) solution, prepared in accordance with the manufacturer's instructions, was added to each well and incubated at room temperature for 20 minutes. The plate was washed with distilled water 3 times, allowed to dry, and examined with an inverted light microscope. Animals with a titer of 1:30 were considered positive in both tests. Specific antibody-positive and -negative pig sera were included on each plate as controls. 3ϩ  3ϩ  3ϩ  12  13  14  15 149 100 81 28 1ϩ  1ϩ  20  21  22  23  24   24  84  115  57  172 Ch 1ϩ  1ϩ  1ϩ  25  26  27  28  29  30   71  34  138  113  90  16 Ch All pigs were euthanized 28 days after inoculation. Samples of ileum from each pig were fixed in 10% neutral buffered formalin and processed routinely for histology. To confirm the infected status, 1 section was stained by immunohistochemistry (IHC) by using the immunoperoxidase method of labeled streptavidin c with mouse monoclonal antibodies to L. intracellularis. 4 The concentration of positive antigen labeled was graded as follows: 0 ϭ no positive antigen labeled; 1ϩ ϭ 1 isolated focal area of antigen labeled; 2ϩ ϭ multifocal areas of antigen labeled; 3ϩ ϭ majority of the mucosa has positive antigen labeled; and 4ϩ ϭ all of the mucosa has positive antigen labeled.
The serology tests with both methods agreed in all samples, except on day 0 and 7 of control animal 132 (Table 1 ). When each sample tested was considered individually (144 samples), the percentage of agreement between IFAT and IPMA was 98.6%. Six of 28 challenged pigs were seropositive on day 14 in both serologic tests (21.4%); and 24 of 26 and 23 of 24 challenged pigs also were seropositive in both tests (92.3 and 95.8%) on days 22 and 28 after challenge, respectively.
Negative control pig 132 was positive by IPMA in the first 2 bleedings and then became negative. Two explanations are possible for this finding. First, those 2 positive re-sults are falsely positive. Second, those results are due to maternal antibodies and the IPMA is slightly more sensitive than the IFAT. To investigate the possible cause of those 2 positive results in a control pig, a random bleeding of 10 sows from different parity orders in the source herd was performed. One of the 10 sows was seropositive by both IFAT and IPMA. Because control pig 132 was positive in 2 consecutive tests and then became negative, the positive results on days 0 and 7 probably were due to the presence of maternal antibodies.
Only 2 of the 28 challenged animals did not have detectable antibodies (IgG) with both serologic methods (sensitivity of 92.9%). Knittel et al. 2 showed a similar sensitivity level (90%) with the same tissue-culture IFAT 3 weeks after experimentally infecting pigs with pure culture of L. intracellularis. In this study, 1 challenged animal (pig 106, sequence 17 in Table 1 ) was seronegative throughout the study in both tests; however, IHC showed multifocal areas of antigen label in some mucosal glands (IHC grade 2ϩ). The humoral immune response of this pig was either low and not detectable by IFAT and IPMA or this animal became infected by exposure to feces of infected pen mates and not as a result of direct experimental inoculation. The other pig that did not seroconvert (pig 47, sequence 4 in Table 1 ) died as a result of PPE on day 21 after challenge and also probably did not have time to develop a detectable IgG level when tested on day 14 after challenge.
Two challenged animals were seropositive on days 14, 21, and 28 after challenge in both tests, but did not have positive antigen label in the ileum sections. Possible explanations for these results include that these animals seroconverted without any lesion, the lesions were resolved before the day of euthanasia, or the lesions were restricted to the jejunum and were not detected upon IHC on ileum sections.
Four challenged animals (14.3%) died during the experiment between days 17 and 24 after challenge. All had severe necrosis of the superficial mucosa and extensive positive L. intracellularis-specific antigen label reaction (grade 3ϩ or 4ϩ) in the ileum as detected by IHC.
Unlike IFAT preparations, IPMA preparations can be examined only with an inverted light microscope. The color reactions in the IPMA are stable for several months, thereby providing a lasting record of the results. 6 In addition, L. intracellularis IPMA-positive preparations of red-stained bacteria can be visualized intra-and extracellularly, in contrast to L. intracellularis IFAT-positive preparation where fluorescent clusters of bacteria can only be confidently detected in the cytoplasm of infected cells (Fig. 1) . This is probably because only one fluorescein isothiocyanate molecule is pre-sent per antibody binding site in the IFAT, whereas many chromogen molecules are present per each bound peroxidase-conjugated antibody in the IPMA. Therefore, the technical skills required for accurate interpretation of the IPMA results may be less than those for the IFAT.
The IPMA requires 1 more step than the IFAT, but this additional step takes only 20 more minutes. A small additional cost is involved in the IPMA procedure because of the price of the chromogen, H 2 O 2 , and the inactivated porcine serum and FBS used in the buffer of the secondary antibody. However, this additional cost is negated, because the dilution of the anti-porcine IgG-peroxidase conjugate for IPMA is 1:600 in comparison to the anti-porcine IgG-fluorescein isothiocyanate conjugate for IFA diluted 1:10. In addition, the porcine serum and FBS concentrations used for the buffer are low and the buffer can be stored at Ϫ20 C for a long period of time. As a result, the price of the IPMA was kept the same as for the IFAT.
In conclusion, IPMA and IFAT showed similar results in experimentally infected pigs; however, IPMA preparations do not require the use of a fluorescent microscope, can be stored for a long time, and, based on this study, are considered to be easier to interpret. The obvious next steps are to validate the IPMA by testing specificity and sensitivity in experimental and field conditions, and to examine the pos-sible effect of maternal immunity in piglets on test performance.
